UNCLASSIFIED 
AD  NUMBER 


AD305555 

CLASSIFICATION  CHANGES 

TO: 

unclassified 

FROM: 

confidential 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release,  distribution 
unlimited 


FROM: 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative /Operational  Use;  DEC  1958. 
Other  requests  shall  be  referred  to  Army 
Ballistic  Research  Lab . ,  Aberdeen  Proving 
Ground,  MD . 

AUTHORITY 

31  Dec  1970,  DoDD  5200.10;  USABRL  ltr  dtd 
13  NOV  1986 


THIS  PAGE  IS  UNCLASSIFIED 


THIS  REPORT  HAS  BEEN  DELIMITED 
AND  CLEARED  FOR  PUBLIC  RELEASE 
UNDER  DOD  DIRECTIVE  5200.20  AND 
NO  RESTRICTIONS  ARE  IMPOSED  UPON 
ITS  USE  AND  DISCLOSURE, 

DISTRIBUTION  STATEMENT  A 

APPROVED  FOR  PUBLIC  RELEASE; 
DISTRIBUTION  UNLIMITED, 


p~  • 


i” 

V^( 

i 

WL 

ARLINGTON  HALL  STATION 
ARLINGTON  12  VIRGINIA 


H&sr  j 

!  1  \ 

r*vsa  H 


FOR 

MICRO-CARO 
CONTROL  ONLY 


NOTICK:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  PATA 
7GSETJ3ED  FOR  ANY  PURPOSE  OTHER  TBaN  IN  CONNECTION  WITH  A  DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR"  HI  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  EE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSE  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  UT  CCRVE/lifti/JfTY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 


5  Vs 


.*>  •  ■  T- 


This  document  is  the  property  of  the  United  States 
Government.  It  is  furnished  for  the  duration  of  the  contract  and 
shall  be  returned  when  no  longer  required,  or  upon 
recall  by  ASTIA  to  the  following  address: 

Armed  Services  Technical  Information  Agency,  Arlington  Hall  Station, 

Arlington  12,  Virginia 

NOTICE:  THIS  DOCUMENT  CONTAINS  INFORMATION  AFFECTING  THE 
NATIONAL  DEFENSE  OF  THE  UNITED  STATES  WITHIN  THE  MEANING 
OF  THE  ESPIONAGE  LAWS,  TITLE  18,  U.S.C.,  SECTIONS  793  and  794. 

THE  TRANSMISSION  OR  THE  REVELATION  OF  ITS  CONTENTS  IN 

ANY  MANNER  TO  AN  UNAUTHORIZED  PERSON  IS  PROHIBITED  BY  LAW.  j 


CONFIDENTIAL 


BALLISTIC  RKSXARC3  LABORATORIES 


KEXORASTOM  REPORT.  BO.  Ilfil 


DBCKMBEP.  1958 


.  CPU  CCWPLh-J.tTlOR  CP  SP.AitSJ  CflAHO"  LIWSRS  AUKUPACTUan) 
Bt  tp::  :c;.Ar'.f  tBcrfctnicw  iv.:i7ir>s  (u) 


J.  S'-R^fl 


T.  H.  Kartta 


F  is ; : :  r.  *  3  Tor  alii  il  <vaI  coyler  of  thin  nr  port  will  be  **»de  direct  to  A3TTA 


He  prod  jetton  c'.  this  Ct'C-.-i  -*t  la  "bol-  or  In  part  is  prohibited  except  vith 
y»r  rale  sloe  cf  the  J.*iButr-2  office;  h-vet-r,  ATIA  Js  authorized.  to  reproduce 
t,U«  docmsetit  fer  *J.  3.  O.n— rrrent  ^uri-or-tf. 


ri'-.-r  of  the  Aray  project  Wo.  ^*-0 ^0^009 

Jrdoiuve  ,>  search  Dcrelopeeat  Project  ;to.  T33-01^ 


A  B  E  R  0  U  .!  PROVISO  C  R  0  U  If  D,  MARUi  SD 


N0 

xy 


x  ' 
# 


CONFIDENTIAL 


■2- 


CamDENTtAL  ' 

tabu  cr  cojcbefs  . 


.  xssmcT  ; T .  ./I'Ji V  .  .'.  .\  > 

X.  DfWOCXJCTIC* . .  . . .  5- 

'  c  J 

II.  UBR  HAWJTACTU «  .  7 ' 

A.  Description  of  Proceee  . .  7 

B.  Parade  t»:rs  and  Heascrescnt  of  Deforw&tlon  Angle  «  .  7 

-  OT.  RESULTS  AXD' D1SCUSSI05  .................  9 

A.  -Plash  Radiography  .  , . . . .  9 

■  -  *  B.  r.o.if-IKt3truotivii  Inspection  Technlou*  ........  rj. 

IT.  COSCLLT'IOXS.  .  . . .  . . .  .  v; 

'  V.  KrtfSHPJEjiS  .  .  . . . . i* 


CONKIDSHTIAL 


CONFIDENTIAL 


Jiiimic  8  1  3  'B  A.  R  C  H  LABORATORIES 

,  '  t'*‘  ,  .  *  ,  •  “  • 

>  ,  ‘  •  *  -  v-  ,  „  .  - 

*  .**  O'*  j  ,  « ■  •»  *  ^  '  ’« 

KOOPAJfXXAi  R5PGKT  RO.  1181 


„  ,\*0* 


JSiaoa/THMartin/is 
Abirdeen.Proving  Ground,  Md. 
December  195& 


SPIK  COKTWKATION  Of  SHAPED  ZuhT^z  i U2C21S  KAKUFACTUREO- 
FI  THE  ROIASY  SC.CRUSIOH  FfiCCESQ  (U) 


\ 


(comrnfiowiAL) 


ABSTRACT 


Experiments  were  conducted  vith  rotary  extruded  shaped  charge  liners 
to  determine  the  effect  of  controlled  icanufacturing  parameters  on  the 
"built  in"  metallurgical  coopena&tion.  effect,  and  to  determine  the  highest 
oOMpensation  frequency  that  can  be  attained  vith  this  method  of  liner  -  . 

Manufacture  under  present  conditions.  The  optic.ua  compensation  spin-vste 
ic  shown  to  have  a  sequential  shift  vith  a  variation  in  process  parameters . 
These  spin  compensation  frequencies  are  predicted  froa  the  examination  or 
jets  obtained  by  flash  radiograpiiic  techniques.  The  optima  frequency  for 
eleven  lots  of  90k.<s  cxperi'ointal  liners  varies  vith  change  of  process 
parameters,  nnd  covers  the  range  of  frequencies  from  minus  2?  rps  to 
pin 8  35  rps.  The  predictions  of  optimal  corpensction  frequencies  are 
verified  by  penetration  vs  rotation  experiments  conducted  ot  Picatinny  Arsenal 


Results  of  the  present,  test  are  compared  vith  those  of  previous 
experiments,  and  the  usefulness  of  the  distortion  angle  as  a  specification  \ 
for  optimum  compensation  frequency  is  considered.  The  relative  merits  of 
rotary  extruded  and  fluted  liners  under  conditions  where  either  can  be  used, 

~T  :  ,  :  . 
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i.  DrrROtucta®. 


The  penetration  performance  of  shaped-  charge  asnUnition  la  degraded 
when  the  projectile  ia. rotated.  The  deleterious  rotation  effects  have 
been  overcome  by  lincra  aanufectored  by  uict  rotary  extrusion  process. 

This  process  results  in  spin  compensation  which  mir.lalxes  the  effects  of 
rotation,  but  is,  effective  only  at  low  spin-rates.  Previous  experiments 
have  indicated  that  an  optima  spin  compensation  (the  rotational  frequency  ■ 
at  which  the  best  penetration  performance  of  the  round  is  obtained)  depends 
on  the  manufacturing  parameters.  The  ballistic  Research  Laboratories 
conducted  an  investigation  to  determine  whether  or  not  a  correlation  actually 
exists  between  uumufacturirg  parameters  and  optima  spin  eoopensatlon* 

*  ' 

In  1951.  a  group  of  shear-forsed  copper  liners  find  statically  (i.e., 
without  rotation)  at  th  ■  ^ullisi.ic  Rcuccreh  Labofatcriea  gave  poor  penetration 
performance1 ,  cud  the  Jets  ^'served  rauiosjrr.phicelly  were  found  to  be  badly 
fragmented  ’  .  To  iisprove  the  netallurgicOvl  structure,  the  liner  was  heat  un¬ 
treated  to  900°C  for  one  hour.  When  fired,  these  recrystelilxed  liners  gave  ■’ 
improved  penetration  performance1.  The  poor  static  firing  performance  was’ 

largely  eliminated  by  this  heat  treatment,  and  a  Jet  which  is  normally 

V 

fragmented  vas  transferaed  to  a  continuous  Jet  .  Tbeaa  iuprovsaants  vere 

net  correctly  interpreted  until  experiments  by  the  Firestone  Tire  and 

Rubber  Conpsny  revealed  that  liners  from  the  suae  group- (Without  heat  , 

treatment)  showed  a  penfc  of  penetration  at  e.  rotation  frequency  other  than 

5,0 

xero  .  Subsequent  ijenetrnticu-rotutior.  experiments  with  these  shear- 

1 

foraed  liners  choked  that  they  heu-a  MXJnu.-:  pon^u-ation  at  a  spin-rat^  of 

7** 

aiaua  45  rps  •  *fhe  existence  of  "built  in  raete&lur&lcal  spin  cowptaie&tion 
in  the  liners  then  was  verified  vith  flash  rcwdiogi'ephy?. 

6  8 

The  results  o*  two  separate  experiments  at  Firestone0'0  ouggested  a 
correlation  between  the  manufacturing  parameters  for  rotary  extruded  liners 
and  the  observed  spin  compensation  frequency.  The  spin  compensation 

"*■"  Process  of  Uner  ro‘-,r.ufftcture . 

**  The  convention  for  algebraic  sign  of  direction  of  rotation  hsa 
been  trier,  as  positive  if  the  test  projectile  ia -.rotated  clockwise 
when  viewed  from  the  rear.  This  corresponds  to  a  right  hand  twist 
of  rifling  in  gun.  ,  -  .  ■  . 
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frequencies  ranged  fro*  minus  15  rps  to  plu*  30  rps.  The  Firestone  repcite 
Indicate  that  the  nscoeure  of  dietortion  angle/  t>,  or  metal  diep)oce»en£.  is 
dependent  on  the  conditions  of  liner  wnufacture,  and  that  the  cptimm  spin- 
rate- varies  in  a  linear  fashion  vith  "0"  •_ 

The  objective-in  this  experisent  voa  to  reinvestigate  the  notary 
extrusion  process  of  liner  nanufoeture  under  controlled. and  precise  manu¬ 
facturing  conditions.  The  investigsti on  extended-  over  a  wide-range  of 
distortion  angles,  0.  The  viltinate  -goul  vas  to  determine  whether  "0“  vs*  . 
a  true  measure  of. the  "built  in*  compensation,  and  to  find  the  greatest 
value  of  optlsu*  caspensation  frequency  obtained  vith  these  rotary  extruded 
liners.,  ,  -  -  .  ■ 

The  evaluation  vas  a  Joint  effort  betvfen  Ficatinny  Arsenal  end  the 
Ballistic  Research  Laboratories.  The  program  vae  divided  into  three  phases: 

(a)  The  determination  of  optima:  compensation-  frequencies  at  the 
BRL  by  flash  radiographic  techniques,  vhich  is  reported  herein. 

(b)  The  observation  of  optimum  frequency  determined  independently  at 
Pientinny  Arsenal  by  penetration-rotation  experiments  which  will  be  reported 
on  separately,  and 

(c)  Investigation  of  the  basic  Recbaniaa  responsible  for  thia 
metallurgical  compensation  vhich  vill  be  reported  on  separately  by  the  SSL9 . 

-  The  determination  of  optima*  frequencies  (iten  a,  eb ere)  by  flash 

radiographic  techniques  yielded  results  vith  a  nirinrrs  of  testing  tine, 

since  only  a  feu  firings  were  required,  as  compared  to  penetration  experiments 

•which  require  large  esounts  of  target  mater  ids,  and  a  large  number  of 

rounds  to  obtain  perfor.ae.ncs  data'.  The  technique*  used  for  flash  radiography 

.  10,11 

of  Jets  from  rotating  charges  have  been  -described  in  previous  reports  > . 
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A.  -  Ee&criptlon  of  TVocess 

The  pro?  a  bo  of  rotary  extrusion-  esployed  at  the  Craft  Manufacturing  ,  . 

Ccepeay,  Chicago,  Illinois,  which  produced  the  liners  tested,  is  illustrated' 
„  -  ■  .  '*  ■  '  » . 
in  Figure- 1.  The  operation  starts  hy  staaping  and  cupping  a  blank  of  OFBC^, ' 

copper  sheet,  3.5  inches  in  diameter,  witn  «n  initial  tHickneea  of  0.225  ' 

inches  (for. a  JKbss  cone).  "The  blank  is. .centered  in  position  on  the  aandrel, 

A  live  center  clwcps  the  liner  laaterial  on  the  mandrel.  With  the  blank  in 

position,  a  freely  rotating  farting  tool  of  carhalloy  steel  (ten  Inches  in 

diameter  tod  one  inch  thick)  is  hydraulically  sored  toward  the  conical 

section  of  the  live  center.  When  the  tool  reaches  vhc  conical  section,  it 

is  stopped  and  a  sdcrosviteh.  contact  starts  it  storing  (townward  to  font  the 

-cone.  The  materiel  is  chcar-fors.-*ed  bcfctreea  the  rotating  iswvdrel  and  the 

roller  of  the  forming  tool  to  the  desired  liner  specifications.  (Those 

particular  liners  are  manufactured  according  to  drawing  12!-I>1910,  cone 

9CbUi  T-lcSg 46 .  The  cone  angle  is  45°  and  final  cone  thiclcxgssc  ia- 0.093 

inches) ,  After  the  -liner  has  been  coapleted,  the  roller  returns  to  its 

starting  position,  sad  another  blank  is  inserted. 

B.  Fsrssetcra  and  Measurement  of  Deformation  Angle 

‘The  sssaufoaturing  psr&sietera  of  rate  aid  direction  of  rotation  of  "the 
mandrel  during  extrusion,  and.  rote  cf  feed  of  the  forming  tool  Bay  be  varied 
independently,  witliia  the  design  Units  of  the  e^oijsveat.  The  overall 
effect  of  these  pertcM-tera  is  measured,  by  tbs  saouat  of  metal  displacement. 
During  the  process  cr ’rotary  extrusion,  the  thiebsess  of  the  blank  sartorial 
tcoy  be  reduced  6o£  in  one  pass  of  the  for.iing  wheel.  A  twisting  action  is 

applied  to  the  material  as  it  is  thinned.  Thd-J&et&l  dicplfaKssent  caused  by 

■  12 
the  twisting  action  is  designated  as  the  deforratioa  angle,  0  ,  This  angle 

“0"  is  deterrdned  by  neons  of  tvo  lines  scribed  on  the  blanks  at  $0°  to  each 

othei ,  end  intersecting  nt  the  geoaetric  center  of  the  bleak  (apex  of  the 

cone)  as  ahovn  in  Figure  2a.  The  scribed  blank  is  then  rotary  extruded  with 
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the  scribed  surface  In  contact  with  the  rotating  mandrel.  A  grid  gage 
designed  by  the  manufacturer  is  inserted  in'  th.-.  liner  to  settur*  mSf' 
directly  (see  Figure  2b).  The  xero  line  of  the  grid,  gag*'  at  the  O.765* 
flatus  =< r»X».  ;  t  .aiig-jed-.vish  each  of  tie  scribed  lima  on  the  cone. 
Healings  for  the'acgle  "0"  are  taken,  at  the  intersection  of  the  scribed 
line  with  the  2. 625*, flatus  circle  on  the  grid' gag*.  In  Figure  2c,  the 
deformation  angle  formed  by  the  scribed  lines  with  both  clockwise  and 
counter  clockwise  rotation  of  the  ns? irel,  indicates  the  displacement  of 
the  (scribed  lines. 

In  order  to  vary  the  defcrwit-ion  angle,  the  manufacturer  rotated  the 
mandrel,  at  l8C0  rpa  either  clockwise  or  counter-clockviee,  and  varied  the 
roller  feed  rite  frca  O.78  inches  per  ssinute  to  17.02  Inches  per  minute. 
This  covered  the  range  available  with  the  existing  .rotary  extrusion 
equipment The  nominal  deformation  angle*  were  iseasured  as  follows:  -15, 
-10.  -5,  Q>- +5,  +10,  +15,-  +20,  +25,  +35  and  +45  degrees.  The  nanufacturing 
pareaeters  and -the  rt  1  ml  taut  deformation  angle*  are  listed  in  Table  I. 
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A.  Flash  Radiography 

Although  flash  radiographs  were  obtained  for-  each  lot  of  liners,  a  > . 
few  illustrations  should  suffice  to  .how  the  type  of  results  obtained, 
andhow  they  wore  evaluated'.  The  optimua  spin  compensation  vss  determined 
by  the  character  of  the  Jet  structure.  Continuous  jets  or  jets  having  only 
alight  longitudinal  fra3»entatica  indicate  spin-rates  near  the  opttwum, 
while  •  severely  fragmented  or  bifurcated  jet  indicate,  spin  frequencies  far 
removed  froa-tbe  optimum.  The  sequence  of  flanh  radiographs  for  lota  A  and 
K,  the  two  extreace  of  the  lots  tested  (deformation  angle o  of  minus  15°  and 
plus  15°,  respectively)  are  given  in  Figures  3  and  k. 

Tee  jets  fro*  ur.ro tated  Ja arg'.-s  for  each  lot,  A  through  K,  are  shown 
in  figure  5-  The  radiographs-  arc  arranged  by  lots,  in  order  of  Bonufncture, 
froti  left  to  right.  Frau  pictures  tchen  in  this  senner,  the  degree  of  spin 
caKpen Ration  in  a  particular  lot  in  indicated  by  the  ar.-ount  of  fregaentation. 
The  oore  severs  the  frozen  Wiiicn  and  bifurcation,  the  greater  the  degree  of 
“built  in"  spin  compensation .  The  iMgnitude  of  r.pin  compensation  frequency 
cannot  be  interpreted  froa  tlie  r&diographo  in  Figure  5.  Kovevcr,  the 
qualitative  nature  of  the  Jet,  ccebined  with  the  knowledge  of  manufacturing 
c-rder,  alloys  o*c  to  place  the  Jcte  in  the  proper  sequential  err  augment. 
From  the  interpretation  of  the  'Jet  photographs,  it  con  be  seen  that  lot  K 
(Figure  5;-;)  )jr,o  a  higher  spin  compensation  frequency  then  lot  A  (Figure  ?a)j 
the  lots  C  end  D  (Figures  5c  and  5d)  have  less  spin  ccapensation  than  lots 
A  <w  3C. 

The  perfonstnee  data,  bared  on  eotirnwo  from  all  the  radiographs,  are 
presented  in  Table  I.  Tho  optisua  for  each  set  of  n&nufocturing  par routers 
vas  estisstea  by  interpolation  from  the  radiographs,  a  cycac  triced  pattern 
about  the  optlsnua  having  bean  shown  to  exist  in  a  sufficient  number  of  cedes 
to  v-ynraat  the  assumption  that  it  exists  in  fill  cases.  Tabulated  with  these 
data  are  the  penetration-rotation  performance  data  obtained  at  Picatinny  . 
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There  is  agreement,  within  the  experimental  error,  between  the 
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BRL"  predictions  Kid  those  from  firings  conducted  at  Ficat'inny,  Arsenal.  , 

The  penetration-rotation  firing*  give-  a  aaxiau*  penetration  of  16  to  17 

inches  of  mild  e-teel  at  a  five-inch  standoff.  The  general  appearance  of 

the  Jet*,  a*  observed  in  the  flash  radiographs  for  all  lota,  indicate* 

that  the  penetration  at  optimum  frequency  for  all  group*  should  he  at  the 

same  level,,  and  that- the  optimum  frequency  shifta  progressively  a*  the. 

deformation  angle  passe*  froa  ainu*  15°  to  plus  1*5°.  In  Figure  6,  the 

spin  compensation  frequency  la  plotted  a*  a  function  of  the  defonvition 

angle.  Least  square  fits  of  the  observed  data  based  on  flash  . .  lographs 

6.8 

of  Jet*,  and  tvo  sets  of  separate  data  obtained  previously  by  Firestone 
in  penetration-rotation  experiments  for  similar  liner*  are  given.  The  <*vta 
obtained  by  the  flash  radiographic  techniques  are  represented  by  curve  i, 
and  the  Firestone  data  by  curves  2  and  3. 

Flash  radiographic  techniques  provide  a  more  sensitive  method _cf 
determining  optimum  spin  compensation  frequencies  than  the  penetration- 
rotation  experiments.  The  penetration  performance  curve  i?  quite  flat 
near  the  optimum  frequency,  and  the  precise  frequency  of  co,T.-pens>titicia  for 
the  peak  penetration  in  difficult  to  determine  froa  this  type  of  data. 
However,  the  distinguishing  features- of  a  spin  compensation  Jet  obtained 
froa  flash  radiographs  allov  a  more  precise  selection  of  the  compensation  1 
frequency  to  be  cade.  '  ■ 

The  data  collected  at  the  Ballistic  Research  Laboratories  cover  a 
larger  range  of  deformation  angles  than  those  represented  by  the  Firestone 
experiment* .  Over  th«  *ge  of  deformation  -ngles  covered  by  both  the 
Firestone  and  ERL  data,  the  optima  spin  coupensat .  u  frequency  does  net 
differ  by  more  than  five  rps  for  any  particular  angle.  The  irror  in 
estimating  the  compensation  frequency  frora  flash  radiographs  is  considered 
to  be  +  five  rps.  The  curve  represented  by  the  more  extensive  Firestone 
data,  curve  2,  follows  the  BRL  data  rather  closely  (curve  l). 


CONFIDENTIAL 


CONFIDENTIAL 


Rtsults  of  the  flash  radiographic  Investigation  have  been  comhtei 
vlth  results  obtained-  in  a  separata  investigation  conducted  by Oejiher  and' 
Olass^  of'  the  BRL.-  Sample*  of  rotary  extruded  liners  taken  from  eleven  " 
lots  used  hers  vere  subjected  to  back-reflection  x-ray  diffraction,  studies 
at  aevcral  different  depths  through  the  vail  thickness  of  the  liner  in 
order  to  determine  the  preferred  orientation  in  the  crystal  structure 
that  is  introduced  by  the  eethod  of  manufacture.  Measurements  of  differences 
in  tvo  intensity  Buuciaa  in  the  preferred  orientation,  were  correlated  vith 
the  optimum  spin  frequencies  obtained  frea  each  liner  type.  Figure  ^  is 
a  plot  of  the  optimum  spin  frequencies  determined  by  the  radiographs  of 
each  liber  group  vs  the  difference  in  intensity  ruciirvx.  An  approximately 
linear  relationship  resulted. 

o 

Further  studies^  have- indicated  that  a  complex  relationship  cxieta 
betveen  the  surface  orientation  and  the  orientation  in  the  nateriel  under 
the  surface.  It  is  believed  that  the  sub-surface- -orientation  is  the 
determining  factor  in  the  nettdiurgical  cpin  compensation  phenomenon* 


11 

CONFIDSNtlAL 


•  *  iV«  ,«rx.w  sigtsS&Z  i  <  ' 


COftWDENTIAL 


{coKfwemua.)  i v.  cowcubiofs 

The**  experimental ‘results  indicate  th-t,  vith  present  knowledge, 
liner*  manufactured  by  the  rotary  extrusion  process  can  be  compensated  for 
rotation  effort*  uy  to  frequencies  of  .Allh^ugh  the  highest 

4  -  S  *  k  *  *  ' 

compensation  frequency  attained-  in  these  experiment*  was  35  rp*,  previous 
experiment*  using  105eu  shear-formed  liner*  hnve  *hovn  a  compensation 
frequency  limit  of  45  rp#^. 

The  possibility  of  attaining  higher  optima  spin-rate*  by  the  rotary 
extrusion  method  of  liner  manufacture  does  not  appear  promising.  Liner* 
with  deformation  angle*  greater  than  45°  are  difficult  to  produce  vith 
good  diaensicnal  quality.  The  liner*  of  lot  K  (+  45°)  shoved  annular  tool 
rings  near  the  liner  apex,  and  a  group  of  105*8  liners  vith  a  90 
deformation  angle  had  a  considerable  deviation  froa  liner  tolerances  . 

The  optimum  frequency  for  tho  cone  vith  a  90°  distortion  angle  va*  20  ip*^. 
The  experimental  evidence  indicates  that  the  deformation  angle  for  maximum 
compensation  frequency  reaches  an  upper  limit  and  then  decreases  vith 
Increasing  deformation  angle. 

.  For.  the  9dam  TJCO  BEAT  round  vhich  requires  on  optitnaa  compensation 
frequency  of  25  rps,  an  inspection  technique  of  the  deforsaticn  angle 
measurement  between  the  range  of  15°  to  35°  i*  sufficient  to  obtain  the 
required  ccrapeneation  frequency  for  this  round. 

Consideration  should  be  given  to  geometrical  fluted  liner*  at  lover 

14 

spin  compensation  frequencies .  Fluted  liners  designed,  to  compensate 
"at  30  rp*  (9Ctom  T108)  hnve  been  tested  and  penetration  performance  va* 
greater  than  that  obtained  vith  rotary  extruded  liners.  For  compensation 
at  higher  opln-rates,  the  fluted  liner  is  necessary,  since  rotary  extruded 
liners  have  not  been  shown  to  compensate  above  45  rps  in  any  caliber. 
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a .  b  c  d  o  f  g  h  j 

FIGURE  3- FLASH  RADIOGRAPHS  OP  dETS  FROM  LOT  A  AT  V.StliOU^  FRE¬ 
QUENCIES  OF  ROTATION,  WITH  A  NOMINAL  DEFORMATION  ANGLE  OF 
-15®  ,  (a)  -60  RPS,  15) -45  RP5,(c)-S0  RP5,(d)-)5  RPS,{e)NC«- 
ROTATCD,  (f )  +15  HPS,(«)  +  30  RPS,{h)-M3  RPS 
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FIGURE  <?  **  FLASH  RADIOGRAPHS  OF  JETS  FROM  LOT  K  AT  VARIOUS  FREOUEN 
CIES  OF  ROTATION  VNTH  A  NOMINAL  DEFORMATION  ANGLE  OF  +45*! 

'■  (a)-30  RPS  ,  (&)-!5  RP3  ,  (c)  NON-ROTATEO,  (d)  +  l5  RPS,U)  +  30  RPS, 
(?)  +  45  R?Sf  (fl)+80  RPS 
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FIGURE  5  -  FLASH  RADIO \PMS  OF  JETS  Of  THE  ELEVEN  LOTS  OF  ROTARY  EX-  I  j 

TRUDEO  LINERS.  THESE.  ROUNDS  WERE  FIRED  STATICALLY  WITHOUT  ROTATION  .  .  j 

THE  JETS  WITH  GREATEST  AMOUNT  Of  FRAGMENTATION  INDICATE  LiWERS  WITH  .  !  1 

HIGHEST  COMPENSATION  FREQUENCY.  THE  RADIOGRAPHS  ARE  VIEWED  FROM  LEFT  I  -4 

TO  RIGHT  WITH  THE  DEFORMATION  ANGLE  CHANGING  FROM  -IS"  TO  +A5*.  ;  FIGURE  3  CONTINUED  1 

(o)  LOT  A  -IS*.  (b)LOT  8  -IO*.,(c}LOT  C  -5rt,(d)U?T  D  O’, (o) LOT  £  +5r,  {f)LOT  F  +10*  (?)  LOT  G  +15*.  (h)  LOj 
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FIGURE  5  CONTINUED 

(9)  LOT  G  +15*.  (h)  LOT  H  +20*,  { I  )LOT  I  +25*.  ( j )  LOT  J  +35°,  (k)  LOT  X  +45* 
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